Abstract A protein-rich puffed snack was produced using a twin screw extruder and the effects of varying levels of tapioca starch (11 to 40 parts), rennet casein (6 to 20 parts) and sorghum flour (25 to 75 parts) on physico-chemical properties and sensory attributes of the product studied. An increasing level of sorghum flour resulted in a decreasing whiteness (Hunter L* value) of the snack. Although the starch also generally tended to make the product increasingly darker, both starch and casein showed redness parameter (a* value) was not significantly influenced by the ingredients levels, the yellow hue (b* value) generally declined with the increasing sorghum level. Tapioca starch significantly increased the expansion ratio and decreased the bulk density and hardness value of the snack, whereas the opposite effects seen in case of sorghum flour. While the water solubility index was enhanced by starch, water absorption index was appreciably improved by sorghum. Incorporation of casein (up to 25 %) improved the sensory color and texture scores, and so also the overall acceptability rating of the product. Sorghum flour had an adverse impact on all the sensory attributes whereas starch only on the color score. The casein or starch level had no perceivable effect on the product's flavor score. The response surface data enabled optimization of the snack-base formulation for the desired protein level or desired sensory characteristics.
Introduction
Extrusion cooking is a well established industrial process in today's food industry. It is used to produce a wide variety of breakfast cereals and snacks, textured vegetable protein, animal feed, etc. Advantages of extrusion cooking include time saving, energy efficiency, freedom from effluent generation etc. (Riaz 2000) . It is known to help bring down the level of antinutritional factors in cereals and improves their digestibility.
Most extruded and puffed snacks are often termed as Bjunk food^ (Kumar et al. 2010 ) because they are typically fried, and are not seen as contributing towards general health and nutrition. With growing concerns for weight control and general health, more and more health oriented snacks are preferred. BHealthy snacking^is important for children and adolescents to help meet their energy and nutrient needs for growth and development.
Milk proteins have long been known for their nutritional and therapeutic value (Zimecki and Kruzel 2007) . Besides their very good digestibility (Hambraeus 1992) , whey protein has a Protein Efficiency Ratio (PER) of 3.2 and casein has a PER of 2.6 (Walzem et al. 2002) . Hence, incorporation of milk protein helps to enhance the nutritional status of extruded snacks. Many researchers had tried to incorporate whey protein products in extruded puffed products and reported adverse effect on textural properties of puffed products (Onwulata et al. 1998; Martinez-Serena and Villota 1992; Brncic et al. 2008; Onwulata and Konstance 2006) . Matthey and Hanna (1997) reported that addition of whey protein concentrate (WPC) more than 10 % increased the color parameter and reduced the expansion index.
Cassava (Manihot esculenta subsp. esculenta Crantz) also known as manioc, tapioca or yucca (Olsen and Schaal 2001) , cultivated in India and several other tropical countries, is used in the preparation of various traditional dishes, snacks such as wafers, fried chips and also used as animal feed at household level. Industrial utilization of cassava includes production of sago, starch, modified starches, starch based adhesives, sweeteners, biodegradable plastics and alcohol (Balagopalan 1990 ). Extruded, ready-to-eat snacks based on cassava are not yet available in the Indian snack market.
Sorghum (Sorghum bicolor L. Moench) is an important drought resistant cereal crop (Sang et al. 2008 ) and fifth most important cereal in the world after wheat, rice, barley and maize (Asare et al. 2010) . It is a good source of antioxidant phenolic compounds and cholesterol-lowering waxes (Taylor et al. 2006) . However, sorghum contains anti-nutritive factors such as tannin, Kafirins and phytate, which reduce protein and starch digestibility and reduce minerals bioavailability (Mohammed et al. 2011; Zhang and Hamaker 1998; Etuk et al. 2012) . Processing techniques such as pressure-cooking, popping, extrusion, baking, nixtamalization (an alkali process for removing pericarp from the grains), and flaking with and without reducing agents, have been suggested as ways of increasing sorghum digestibility and reduce the level of antinutritional factors (Glennie 1987; Gomez et al. 1989; Elkhalifa et al. 2006) . The most common cereals used in the extrusion of snacks and breakfast cereals are corn, wheat, rice and oats. Sorghum is not a major ingredient in extruded snacks and breakfast cereals (Riaz 1997) .
Hence, combining milk protein with sorghum would potentially enhance the nutritional status of extrusion-cooked snacks. Starch is important to puffing of extruded foods. Presence of casein and sorghum are likely to influence the extrusion cooking behavior of starch. Therefore, in order to optimize the formulation of a milk protein-rich extruded snack, the present study was conducted with the objective of quantifying the effects of the levels of tapioca starch, rennet casein and sorghum flour on the properties of the puffed snack obtained by extrusion cooking of the mixture.
Materials and methods

Raw materials
Tapioca starch (moisture 11.21 %, ash 0.13 %, and starch 88.45 % including 22.57 % amylose, w.b.) having mean particle size of 33.91 μm (range, 15.04 to 58.64 μm) was purchased from Subham Starch Chemical Pvt. Ltd., Faridabad (India). Rennet casein (8.90 % moisture, 81.92 % protein, 0.96 % fat, 8 .02 % ash and 0.201 % lactose, w.b.) having mean particle size of 115.23 μm (range, 42.38-181.32 μm) was procured from M/s Modern Dairies Ltd., Karnal (India). Sorghum grains (variety GJ-38), procured from Navsari Agricultural University, Navsari (India), were milled to a fine flour (particle size, 21.15-310.26 μm; mean, 147.80 μm) using a stone mill. The flour had a moisture content 7.28 %, protein 9.20 %, fat 3.75 %, ash 1.58 %, starch 63.58 %, amylose 26.91 % of starch and total dietary fibre 8.44 %, w.b. The Hunter color profile of these three ingredients is given in Table 1 .
Experimental design and statistical analysis
The levels of sorghum flour, tapioca starch and rennet casein were optimized using Central Composite Rotatable Design (CCRD) of Response Surface Methodology (RSM) using Design-Expert ® software (version 7.1.5). The independent factors (x) were the levels of rennet casein (A), tapioca starch (B) and sorghum flour (C) in the pre-mix. The range of the variables was established by preliminary tests. Early on it was observed that the extrusion mixture with less than 20 parts of sorghum flour in it tended to clog the extruder barrel and made it impossible to obtain an extrudate that could be subjected to the planned analyses. Hence the lowest level of sorghum flour used in the experiment was 25parts. Thus, with tapioca starch 11-40 parts, rennet casein 6 -20parts and sorghum flour 25-75 parts, 20 experiments (eight axial, six factorial and six central points) were performed in triplicate according to second order central composite rotatable design (Khuri and Cornell 1989) with coded and actual levels of sorghum flour, tapioca starch and rennet casein as shown in Table 2 . The response functions (y) were the physiochemical and sensory properties given below.These responses were related with the coded factors (expressed in parts) by a second-degree polynomial equation (Eq. 1) using the method of least squares: Preparation of the composite pre-mix and its conditioning for extrusion cooking Sorghum flour, tapioca starch and rennet casein were blended in a Hobart mixer (speed, 60 rpm) for 10 min and based on its initial moisture content, calculated quantity of water was added to get 12 % moisture in the mixture (as determined in preliminary studies on the extruder performance). After further mixing for 10 min, the mixture was passed through a 2 mm size sieve and once more blended in the mixer for 10 min in order to ensure uniform mixing. The resulting mixture was transferred to 1 kg PE bag and kept overnight in a refrigerator for preconditioning of the premix.
Extrusion cooking
Extrusion runs were performed on a twin-screw extruder (capacity, 15 kg/hr), (M/s Basic Technology Pvt. Ltd., Kolkata, India). Based on preliminary studies, first & second heating sections of extruder were kept at constant temperatures of 40 and 120°C, respectively. The feeder-screw and extruderscrew speeds were kept constant at 40 and 370 rpm, respectively. The extruder barrel was fitted with a 4 mm diameter die at its exit. The cutter at the exit set at a constant speed of 20 rpm. The extrudate was dried in a tray dryer for 30 min at 60°±2°C to equilibrate product at 4 % moisture.
Determination of product physical properties (responses)
'Expansion ratio' was determined as the ratio of diameter of the extrudate to that of the die; it expressed radial expansion of the extrudate (Fan et al. 1996) . The extrudate diameter was determined as the mean of 10 random measurements made with vernier calipers.
Bulk density was measured by modified method of Hwang and Hayakawa (1980) , using mustard seeds instead of glass beads, as displacement medium for measuring the volume of extrudate.
The color of the snacks was measured using a HunterLab Colorflex colormeter (Hunter Associated Laboratory, Inc., USA) using the Universal software version 4.10. Measurement was done by taking finely ground sample [milled to particle size of 0.25 mm using 1093 Cyclotec ™ sample mill, (FOSS TECATOR AB, Sweden)] in the glass sample holder up to 2 cm height followed by gently tapping the sample cup ten times on a bench-top. Modified method of Onwulata et al. (2001) was used for determination of extrudate hardness using TA-XT2i (Stable Micro Systems, UK) Texture Analyzer fitted with a 25 kg load-cell. Warner-Bratzler Blade was used at pre-test, test and post-test speeds of 1, 1 and 2 mm/sec respectively. The peak force during compression the product was taken as a measure of hardness. Ten measurements were conducted on an extrudate and the resulting force-time curves were examined to obtain mean hardness.
Water solubility index (WSI) was determined as an index of starch dextrinization and water absorption index (WAI) as that of starch gelatinization in the extrudate, using the method described by Anderson et al. (1969) . The extruded snack was 
Chemical analysis
Samples milled in Cyclotec ™ sample mill were used to analyze moisture content by the gravimetric method (AOAC 2000) . The crude fat of extruded product was estimated using the standard extraction method (AOAC 1995) employing SOCS Plus Extractor (Pelican, India). The protein content of extrudates was determined by micro-Kjeldahl method as described in AOAC (2000) using conversion factor 6.38 for casein and 6.25 for sorghum. The ash content was estimated by using standard method of AOAC (2000). Total dietary fibre content in the optimized product was determined using 'Total Dietary Fibre Assay Kit' (TDF-100A) Sigma Aldrich Inc. according to AOAC (2000) .
Sensory evaluation
Experimental samples of the extruded snack were organoleptically evaluated by a panel of seven judges selected from the faculty of Dairy Technology Division using a 9-point hedonic scale in which 1 indicated 'Dislike extremely' and 9 'Like extremely'.
Results and discussion
Model fitting and ANOVA
The effects of independent variables on product characteristics are summarized in Tables 3 and 4 . The non-significant lack of fit and significant F value (except for Hunter a* value) suggest that the respective quadratic models could be effectively used to predict the effect of the ingredients level on physical properties and sensory attributes of extruded snack base.
Instrumental color parameters
The extruded snack base was analyzed for its color coordinates viz. Hunter L* (lightness or whiteness) and b* (yellowness) values as influenced by the level of rennet casein, tapioca starch and sorghum flour. At linear level, tapioca starch and sorghum flour tended to significantly (p<0.01) decrease the whiteness of snack base (Table 3) . Fernandez-Gutierrez et al. (2004) found that color intensity increased by high starch concentration in wheat starch and acid casein extrudate due to the presence of reducing sugar resulting from starch dextrinization. The darkening effect of sorghum flour may also be ascribed to the lower L* value of sorghum flour itself (Table 1) . At quadratic level, rennet casein and starch had significant (p<0.05) effects on L* value, the former positive and later negative. The negative interaction (p<0.05) between rennet casein and tapioca starch suggested that at lower levels of starch, increasing casein level resulted in increasing L* value but at higher starch levels, casein had the opposite effect ( Fig. 1 ). Thus, the starch level appeared to be the limiting factor in Maillard reaction between the casein and reducing sugar generated from starch. Wen et al. (1990) reported that Maillard reaction between dextrinized starch and amino groups of casein changed the color intensity of extrudates. The maximum L* value (80.18) was obtained at lowest starch and highest rennet casein levels in the formulations (Fig. 1) . The Hunter L* value of extruded snack base could be pre- 
The model for the Hunter a* value is not significant. The Hunter b* value, representing 'yellowness' of the product, decreased linearly with an increasing level of sorghum flour (p<0.05). The effects of rennet casein and tapioca starch were however non-significant, but their interaction (p<0.01) displayed that at lower level of starch, casein decreased the b* value whereas at higher starch levels, casein had a positive effect (Fig. 2) . The highest b* value (15.57) was obtained at the highest starch and highest casein levels ( Fig. 2 ) presumably due to maximized Maillard reaction between dextrinized starch and amino groups from casein (Wen et al. 1990 ).
The Hunter b* value of extruded snack base could be predicted by the equation (for actual factors) given below: 
Expansion ratio
The radial expansion ratio of the extruded snack base ranged between 3.15 and 3.81. The coefficient of regression model indicated that the increasing level of rennet casein (p<0.05) or tapioca starch (P<0.01) resulted in a significant increase in the expansion ratio, while sorghum flour suppressed the expansion ratio (p < 0.01), the decline in the latter being linear (Table 3) . Linko and Linko (1981) concluded that the degree of expansion increased with starch concentration. Expanded volume of cereals and starches decrease with increasing amount of protein (Faubion et al. 1982 and Peri et al. 1983 ) in feed material. The large molecular structure of casein, hydrophobic properties and random coil conformation were considered to contribute towards maintaining expansion in comparison to whey protein concentrate and isolate (Onwulata et al. 2001) . Fernandez-Gutierrez et al. (2004) found that at low moisture (<20 %) and higher barrel temperature (>125°C), the expansion ratio Fig. 2 Response surface plots relating to Hunter b* value of extruded snack base influenced by the levels of sorghum flour, tapioca starch and rennet casein increased with increasing acid casein content in the mixture with wheat starch. Further, in the present study, an increased level of sorghum flour apparently increased the proportion of fibre in the formulations which presumably caused reduction in the expansion ratio ( Fig. 3a and b ). There were no significant interactions among the three ingredients. Hashimoto and Grossmann (2003) reported that with increase in the level of bran (carrying considerable insoluble fibre) in extrusion-cooked cassava starch, expansion decreased and bulk density increased. Many other researchers have reported that radial expansion decreased with increasing dietary fibre content (Camire and King 1991; Badrie and Mellowes 1992a; Jin et al. 1994) . Lue et al. (1991) reported that the walls of air cells in the extrudate structure were ruptured due to the presence of fibre which prevented the air bubbles from expanding to their full potential. Guy (1985) suggested that bran interferes with bubble expansion by reducing the extensibility of vapour cell walls.
The expansion ratio of protein rich extruded snack base could be predicted by the equation (for actual values of the variables) given below:
Expansion Index ¼ þ 3:36696 þ 0:031999 *Casein þ 0:011760 *Starch -7:23167E-003 *Sorghum þ 1:68719E-004 * Casein * Starch -1:45000 E -004 * Casein * Sorghum Fig. 3 Response surface plots relating to expansion ratio of extruded snack base influenced by the levels of sorghum flour, tapioca starch and rennet casein
Bulk density
The bulk density of the extruded snack base was in the range of 0.083-0.142 g/cm 3 . The linear terms of the model for rennet casein and tapioca starch were negative (p<0.01) while that for sorghum flour was positive (p<0.01). Thus, with the increasing sorghum flour level, the bulk density progressively increased but the reverse was the case with rennet casein and tapioca starch. Unit density of the extrudate is inversely related to the degree of expansion that occurs during extrusion processing (Colonna et al. 1989) . It was therefore obvious that increasing the level of tapioca starch led to increased expansion ratio which was responsible for lower density of the extrudate and the opposite in case of sorghum flour. Fernandez-Gutierrez et al. (2004) found that at low moisture (<20 %) and higher barrel temperature (>125°C) increasing the acid casein content (up to 35 %) decreased the bulk density of wheat starch extrudates. At quadratic level, rennet casein exhibited a significant positive effect (p<0.05) which indicated that higher values of bulk density were obtained at higher and lower casein levels ( Fig. 4a and b) . The interaction between tapioca starch and sorghum flour was significant (p≤ 0.05), implying that the sorghum caused increase in the bulk density was much more prominent at lower levels of starch than at higher levels. The lowest bulk density was obtained at higher starch and lower sorghum flour levels (Fig. 4 and c) .
The bulk density of protein rich extruded snack base could be predicted by the equation (for actual factors) given below: Bulk density g=cm 3 ¼ þ 0:11600 -3:67774E-003 * Casein -3:40758E-004 * Starch þ 7:22247E-004 * Sorghum þ 8:37438E-006 * Casein * Starch -4:00000E-006 * Casein * Sorghum -2:08966E-005 * Starch * Sorghum þ 9:80590E-005 * Casein 2 þ 1:22592E-005 * Starch 2 þ 2:73808E-006 * Sorghum 2 ð5Þ
Hardness
The hardness measured as an instrumental indicator of the product's texture can be considered to be a function of the strength of the walls of air i.e. lamellae in the expanded snack as well as the degree of porosity and pore distribution, which all are expected to be affected by the composition. The hardness of the extruded snack base was in the ranged of 9.79-19.76 N. The coefficients of the linear terms of the quadratic regression model indicated that the tapioca starch had a negative (p<0.05) and sorghum flour (p<0.01) positive effects on the hardness value of the extrudate. Increasing the level of tapioca starch led to increased expansion and hence, decreased hardness. Texture properties of extrudates are highly influenced by expansion degree (Anton et al. 2009 ).Rennet casein, overall, tended to decrease the hardness; while the linear-term coefficient was negative but non-significant, the quadratic term was positive (p<0.05), thereby suggesting that increasing casein level initially, at lower levels, decreased the hardness followed by gradual increase at higher levels irrespective of the level of starch or sorghum (Table 3) . Voort and Stanley (1984) found that incorporation of rennet casein (10 to 30 %) had no significant effect on hardness value of wheat flour extrudates. On the other hand, as the level of sorghum-flour level in the extrusion premix increased, the hardness increased significantly (p<0.01) and the quadratic term was positive (p<0.01), indicating that the increase in the hardness was rather slow at lower levels of sorghum but much faster at higher levels (Table 3) . Increased bulk density and breaking force were found to be accompanied by decreased radial expansion attributable to the increased fibre content in corn meal extrudates (Hsieh et al. 1989) . Incorporation of fibre in extruded products also resulted in increased density and hardness (Mendonca et al. 2000; Yanniotis et al. 2007; Ainsworth et al. 2007) .
The extrudate's hardness could be predicted by the equation (for actual values or variables) given below: Fig. 4 Response surface plots relating to bulk density of extruded snack base influenced by the levels of sorghum flour, tapioca starch and rennet casein and water absorption behaviour of the expanded snack are expected to potentially influence the mouth-feel characteristics of the product.
As shown in Fig. 5 , both rennet casein and sorghum flour significantly (p<0.01) decreased the WSI of the snack, whereas the starch level had the opposite effect (p<0.01). The positive quadratic coefficient for sorghum flour indicated that with increasing sorghum level WSI decreased, the rate of decrease being initially faster than later at higher flour levels. On the other hand, the negative quadratic-term coefficient for starch (p<0.01) suggested that the response surface was convex upward i.e. the early rapid rise in WSI was followed by a declining increase with increasing starch level (Fig. 5) .The effect of one ingredient was influenced by the others as is evident from the fact that all the interactions were significant (Table 3) . Thus, at lower levels of starch the effect of casein was significantly more prominent than at higher starch levels (p<0.05). Similarly, at lower levels of sorghum flour, the casein-caused decline in WSI was greater (p<0.01) than that at higher flour levels. Figure 5 further shows that at lower levels of starch, the WSI decreased more with increasing sorghum flour as compared to higher starch levels. Badrie and Mellowes (1992b) reported that addition of cassava starch to cassava flour increased total carbohydrates, and correspondingly increased the amount of reducing sugar produced by extrusion cooking which, in turn increased WSI of the extrudate. Increasing casein levels in extruded blends of casein and wheat starch were reported to decrease WSI of the resulting extrudate, as protein lost solubility on account of 'denaturation' or aggregation (Fernandez-Gutierrez et al. 2004) .
WSI had significant positive correlation with expansion index (r=0.61, p<0.01) while negative correlation with bulk density (r=−0.52, p<0.05). It was related to the quantity of soluble molecules which increased with expansion . Extrudates with higher expansion ratio have been reported to have a lower bulk density and higher water solubility index when operating with lower moisture content and higher screw speed (Charunuch et al. 2003) .
The water solubility index of protein rich extruded snack base could be predicted by the equation (for actual values of the variables) given below:
Water absorption index (WAI)
The negative and positive coefficients of linear terms for starch and sorghum flour in of the regression model for WAI indicate that starch decreased (p<0.01) and sorghum flour increased the WAI of the extrudate (p <0.01). As shown in Table 3 , the quadratic and interaction terms were all found to be non-significant which suggested that there was largely a linear dependence of the extrudate's WAI on tapioca starch and sorghum levels. The positive effect of sorghum flour on WAI was associated with the increasing proportion of non-starch portion, particularly fibre, in the extruder feed with increasing sorghum-flour level. Increasing the cassava bran content of the cassava starch extrudates resulted in increased WAI as reported by Hashimoto and Grossmann (2003) . WAI had significant negative correlation with expansion index (r=−0.83, p<0.01) while positive correlation with bulk density (r=0.79, p<0.01) and hardness value (r=0.66, p<0.01).
The water absorption index of protein rich extruded snack base could be predicted by the equation (for actual values of the variables) given below: WAI ¼ þ3:56234-0:021741 * Casein -0:019208 * Starch þ 0:037038 * Sorghum þ 4:31158E-004 * Casein *Starch -2:80929E-004 *Casein *Sorghum -8:37931E-006 *Starch *Sorghum þ 4:20876E-004 * Casein 2 -9:25201 E -005 * Starch 2 -1:65729 E -004 * Sorghum 2 ð8Þ
Protein content
The protein content of the extruded snack base ranged between 7.54 and 34.30 %. The coefficients of the linear terms of the model indicated that the increase in rennet casein level significantly (p<0.01) increased the protein content while increase in tapioca starch and sorghum flour levels significantly (p<0.01) decreased the same (Table 3 ). The quadratic term for rennet casein was negative (p<0.05), and those for tapioca starch and sorghum flour were positive (p<0.01). The interactions between rennet casein & tapioca starch and between rennet casein & sorghum flour were negative (p<0.01). The decrease may be to increase in level of starch and sorghum flour, both together decreased the proportion of casein in the mixture. Interaction between sorghum flour and tapioca starch found to be positively highly significant (p<0.01). 
Sensory attributes
Sensory attributes namely color and appearance, flavor, texture and overall acceptability were monitored as responses in the RSM experiment to provide a basis for the optimization of the milk-protein rich extruded snack base.
The flavor score of the extruded snack base ranged from 6.50 to 7.44.on a 9-point hedonic scale. Of the three ingredients, however, only sorghum flour had a significant (p<0.05) impact on this sensory attribute, an increasing sorghum-flour level decreasing the flavor score (Table 4) . Although individually casein and starch exhibited little effect on the flavor score, the significant interaction between the two (p<0.05) suggested that at lower levels of casein, flavor score decreased with increasing starch level but at higher casein levels, the opposite was true (Fig. 6 ) Voort and Stanley (1984) reported that rennet casein at 10 to 30 % did not significantly influence the flavor of wheat extrudates.
The flavor score of protein rich extruded snack base could be predicted by the equation (for actual factors) given below:
The color and appearance score of the snack base ranged between 6.38 and 7.59. The coefficient estimates of the model reveal that with increasing rennet casein the color and appearance score increased significantly (p<0.01), the increase being represented by convex upward response surface (p<0.05). Tapioca starch (p<0.05) and sorghum flour (p<0.01) had negative impact on color and appearance score (Table 4) . As noted above, incorporation of starch decreased the Hunter L* value while sorghum flour decreased the same, the Hunter L* values which apparently led to reduction in color and appearance score (Table 3 ). The interaction effect of rennet casein and tapioca starch was positive (p<0.01); the maximum color and appearance score was obtained at higher levels of rennet casein and tapioca starch (Fig. 7) . A moderate correlation was found between color & appearance score and Hunter b* value (r=0.55, p<0.05).
The color & appearance score of extruded snack base could be predicted by the following equation (for actual factors):
Color & Appearance score ¼ þ 7:38924 þ 0:023750 * Casein -0:019560 * Starch -2:70293E-003 * Sorghum þ 2:30296 E -003 * Casein * Starch -3:57143 E -005 * Casein * Sorghum -1:72414 E -005 * Starch * Sorghum -1:92389 E -003 * Casein 2 -2:88624E-004 * Starch 2 -2:07255E-005 * Sorghum 2
The texture score of extruded snack base ranged between 6.31 and 7.59. The linear coefficients for rennet casein and tapioca starch were positive (p<0.01) while sorghum flour had a negative effect on the texture score of the snack (p<0.05). With an increase in the starch or rennet casein levels, the texture score increased, but the score decreased with increasing sorghum flour level (Fig. 8) . At quadratic level, rennet casein and tapioca starch exhibited negative effects (p<0.01), which indicated that with the level of either factor increasing there was an initial increase in texture score but at higher levels the effect was reversed (Fig. 8a) . Also, the interaction effects of these three factors on texture score were significant. However, Voort and Stanley (1984) reported that rennet casein had no significant effect on the sensory texture score of wheat-flour extrudates. The texture score exhibited significant correlations with expansion index (r=0.734, p<0.01), bulk density (r=−0.81, p<0.01), hardness value (r=−0.57, p<0.01), WSI (r=0.50, p<0.05) and with WAI (r=−0.60, p<0.01).
The texture score of the extruded snack base could be predicted by the equation (for actual factors) given below:
Texture score ¼ þ 7:85638 þ 5:96336E-003 * Casein þ 0:012251 * Starch -0:035014 * Sorghum þ 1:66256E-003 * Casein * Starch þ 8:78571 E -004 * Casein * Sorghum þ 4:17241 E -004 * Starch * Sorghum -2:50969E-003 The overall acceptability score of the extruded snack base ranged from 6.5 to 7.5. The partial co-efficient of the regression model indicated that the level of rennet casein significantly (p<0.01) increased whereas the sorghum flour decreased the overall acceptability score ( Table 4 ). The quadratic term of rennet casein was negative. The interactions between rennet casein and tapioca starch, and tapioca starch and sorghum flour were positive (p≤0.05). The correlations of overall acceptability score with expansion index (r=0.64) and bulk density (r=−0.79), were significant (p<0.01).
The overall acceptability score of protein rich extruded snack base could be predicted by the equation (for actual values of the variables) given below:
Overall acceptability ¼ þ 7:73907 þ 0:026140 * Casein -0:011270 * Starch -0:023970 * Sorghum þ 1:30542E-003 * Casein * Starch þ 5:85714 E -004 * Casein * Sorghum þ 3:17241 E -004 * Starch * Sorghum -2:49915E-003 * Casein 2 -3:55428E-004 * Starch 2 þ 1:90271E-005 * Sorghum 2 ð13Þ 
Numerical optimization of formulations
Optimization of the levels of rennet casein, tapioca starch and sorghum flour level was attempted using CCRD Response Surface Design setting the conditions (constraints) as shown in Table 5 . The five optimized solutions were found and the solution obtained with highest desirability (0.899) was selected as the optimum one and was verified by using the suggested levels of rennet casein, tapioca starch and sorghum flour in the premix for the preparation of an extruded snack base and comparing the predicted values with observed values for the physicochemical properties and sensory characteristics of the resulting extruded snack base. The results obtained are presented in Table 6 . The observed values and the predicted values were subjected to t-test. The t-test indicated that there was no significant difference between the predicted and observed values except for flavor score, water solubility index. These differences may be ascribed to the experimental error. The optimized extruded snack base was analysed for its chemical composition (Table 7 ). The snack base had 19.75 % protein, 0.75 % fat with total dietary fibre content of 3.39 %, w.b.
Conclusion
The regression models for various physicochemical parameters namely, color profile, expansion ratio, bulk density, instrumental hardness, water-solubility index and water-absorption index, and sensory attributes viz., flavor, color and appearance, texture and overall acceptability ratings of the extrudate as determined by the major ingredients viz., rennet casein, tapioca starch and sorghum flour taken as independent factors could be developed based on the data generated through the response surface methodology experiment. Diagnostic check of the resulting quadratic models revealed that all important model parameters (responses) could be fairly accurately predicted. Significantly, no adverse effects of rennet casein were observed on the physical properties of the extrudates while the reverse was true for the sorghum flour. Rennet casein and tapioca starch exerted no adverse effect on the sensory scores but the sorghum flour generally tended to depress the sensory scores of the snack base. However, favourable interactions (p<0.05) between casein and sorghum flour levels, and starch and sorghum flour levels with respect to texture and overall acceptability score of snack base, made it possible to strike a right balance between the ingredients so as to obtain an optimum combination. The optimized base could potentially be converted into a highly palatable expanded snack.
